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The concept of pain management in veterinary medicine, 
especially in laboratory animals, has evolved dramatically over 
the past decade.36 Although little attention had previously been 
given to such concepts as preemptive analgesia, ‘wind-up’ of 
nociceptors, and chronic pain, new knowledge of the important 
physiologic and behavioral changes associated with pain has 
prompted the veterinary community to carefully examine pro-
vision of analgesia to animals. In addition, regulations require 
researchers to address pain management in protocols and to 
provide appropriate analgesia for procedures expected to cause 
pain.42 Importantly, the Animal Welfare Act requires the con-
sultation of a veterinarian in determining the most appropriate 
analgesic regimen for a procedure, in accordance with standard 
veterinary practice.4 This type of performance standard allows 
the specific requirement for analgesics to evolve with the cur-
rent standard of veterinary care. However, as these standards 
change, this practice can lead to variation in provision of anal-
gesics for similar procedures even within the same institution 
and to legitimate differences of opinion regarding the choice 
of appropriate analgesics. Although protocols and procedures 
implemented years ago may continue to produce acceptable 
outcomes, a veterinary care program must “foster and support 
enhancement of the program through the identification and 
adoption of techniques, procedures, and policies that improve 
laboratory animal health and wellbeing.”2

Nonhuman primates are used often as research models for 
neuroanatomy and neurophysiology studies that require the 
implantation of cranial devices, including head posts and elec-
trode recording chambers. The implantation of these devices is 
classified as major invasive surgery, because screws are placed 
into the skull, thereby exposing the cranium. Accordingly, ap-
propriate analgesia is required for these procedures. The current 
report briefly addresses the evolution of the concept of pain 
management in veterinary medicine and the pathophysiology 
of pain in neurosurgical procedures and concisely reviews 
multimodal analgesic therapy for neurosurgical procedures, 
particularly those involving nonhuman primates.

The Pathophysiology of Pain in Neurosurgery
In humans, pain is defined as “an unpleasant sensory and 

emotional experience associated with actual or potential tis-
sue damage” and is recognized as being “always subjective.”43 
Humans and animals share similar anatomic structures and 
neurophysiologic mechanisms leading to pain perception, 
suggesting that any stimulus considered painful in people is 
painful to animals.91 This conserved mechanism of nocicep-
tion is the basis for the requirements for appropriate analgesia 
in laboratory animals, even when they may not appear to be 
experiencing pain. The recognition of pain in animals is com-
plicated by the lack of a commonly accepted objective scoring 
system and the innate instinct of animals to disguise pain.69 In 
particular, nonhuman primates display few signs of pain after 
surgical procedures or injuries, such that animals that actually 
demonstrate signs of pain likely are experiencing severe pain.41 
In addition, the increased responsiveness of pain receptors as a 
result of repeat surgeries (the ‘wind-up’ effect) may heighten the 
pain response.36 Nonhuman primates on neuroscience protocols 
may be at particular risk for this escalation, given that these 
animals potentially experience numerous surgeries for serial 
implantations of head posts and multiple recording chambers.

Further complicating the provision of analgesics to nonhuman 
primates undergoing neurosurgical procedures is the issue of 
pain and analgesic therapy in humans that experience similar 
surgical procedures. Historically, pain associated with neurosur-
gical procedures such as craniotomies was considered neither 
severe nor necessary to treat.31 Surveys of people undergoing 
craniotomies demonstrate that these patients experience moder-
ate to severe pain in the postoperative period and that this pain 
is often undertreated.27,47,52,68 A recent editorial regarding pain in 
people after intracranial surgery concludes that “perioperative 
pain is meaningful and may persist, but relatively simple and 
familiar tools are effective” in managing this pain.31 The same 
conclusion should be made for nonhuman primates experienc-
ing similar procedures.

Human patients undergoing craniotomies describe a super-
ficial pain, suggesting a somatic origin rather than visceral.19 
Severity of pain is associated with the surgical approach, with 
surgeries at the base of the skull being the most painful.19 Be-
cause the scalp is densely innervated with type C fibers, pain 
arises from disruption of temporal muscles and soft tissues.73 
These type C fibers are small, unmyelinated nerve fibers that 
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porating these drugs into their anesthetic protocols as part of a 
multimodal and preemptive approach to pain management. The 
current discussion is limited to local anesthetics, opioids, and 
NSAID because these drug classes are the current mainstay of 
pain prevention and treatment in veterinary patients. Figure 1 
summarizes specific agents in these drug classes and provides 
dose ranges and routes of administration for macaques, given 
that this species is most frequently used in neuroscience studies.

Local anesthetics. Local anesthetic agents provide analge-
sia through the inhibition of sodium channels essential for 
neural conduction.7 This drug class includes commonly used 
veterinary drugs such as lidocaine and bupivacaine. Because 
lipid solubility is correlated with increased diffusion through 
nerve sheaths, agents that are highly lipid soluble (for example, 
bupivacaine) are more potent than those that are less soluble 
(for example, lidocaine). In addition, bupivacaine has a greater 
protein-binding capacity—and thus a longer halflife (90 min 
compared with 300 min) and duration of action—than does 
lidocaine.7 To prolong the duration of anesthesia, vasopressors, 
usually epinephrine, can be combined with local anesthetics. 
In addition, the α- and β-agonistic activities of epinephrine 
provide local hemostasis and reduce the risk of systemic toxic-
ity by delaying absorption of the local anesthetic. Because local 
anesthetics are CNS depressants, large doses can result in hy-
potension and seizures (due to loss of central inhibitory tracts) 
and can potentiate respiratory depression secondary to opioid 
administration.7 However, at clinical doses, adverse effects of 
local anesthetics are rare.

Local anesthetics have been used to control neurosurgical 
pain in humans for more than a century.75 Recent clinical trials 
have demonstrated the efficacy of either local scalp infiltra-
tion or a more regional scalp-block approach in reducing the 
postoperative pain associated with craniotomies.6,8,72 Although 
one trial found less pain but not reduced opioid requirements 
in patients,72 local anesthetic use in another trial decreased pa-
tients’ requirements for postoperative analgesics.58 Two other 
trials demonstrated an analgesic effect of the local anesthetic 
long after the drug’s duration of action, thus highlighting the 
importance of preemptive analgesia.6,72 In addition to reducing 
postoperative pain, local anesthetics modulate the hemody-
namic effects of surgery and improve circulatory stability in 
human craniotomy patients.8,67,77

Opioids. Opioids provide the foundation of analgesic therapy 
in both human and veterinary medicine, especially in patients 
experiencing moderate to severe pain.9,76,81 Three opioid recep-
tors have been identified in the brain and peripheral tissues of 
animals—μ, κ, and δ. μ receptors were the first discovered and 
are associated with the classic effects of morphine and related 
drugs—supraspinal analgesia, euphoria, sedation, and physical 
dependence. μ receptors can be subdivided further, and differ-
ential binding to these subtypes is responsible for the differing 
effects of various μ agonists, including degree of analgesia, 
respiratory depression, pruritus, dependence, and sedation.92 
In addition, κ receptors are associated with analgesia, but little 
is known regarding δ receptors, which are largely restricted to 
the brain.71 Opioid drugs are classified based on their activ-
ity at these receptors. Pure μ agonists, including morphine, 
hydromorphone, and fentanyl, are the most potent analgesics, 
but these agents have short durations of action and the greatest 
potential for adverse side effects. In the practice of laboratory 
animal medicine, buprenorphine is used the most frequently, 
because of its relatively long duration of effect with potential 
analgesia for 8 to 12 h.24 Buprenorphine has been classified as a 
partial opioid agonist–antagonist, but at the dosages used clini-

are responsible for so-called ‘secondary pain,’ described as a 
poorly localized, burning sensation that persists beyond the 
painful stimulus.57 Tissue injury results in cell damage and 
the recruitment of inflammatory cells that modify nocicep-
tor responses in a process called ‘peripheral sensitization.’ If 
uncontrolled, inflammatory mediators such as prostaglandins 
can cause permanent changes in nociceptor function, resulting 
in states of chronic pain.57 Inadequate pain management after 
craniotomies can lead to significant postoperative complica-
tions including agitation, hypertension, and vomiting, which 
can result in intracranial bleeding.95 Because many nonhuman 
primates that experience these procedures also must participate 
in behavioral experiments, these complications not only are 
detrimental to the animal but also can delay data collection and 
increase the duration and cost of research projects.

Neurosurgeons are becoming more aware of the need for ap-
propriate analgesics in human patients, but the lack of controlled 
trials assessing analgesic regimens prevents the adoption of 
uniform standards.34 Surveys have indicated that opioids tend 
to be the first-choice analgesic for these patients, but various 
reports of efficacy indicate the need for continued refinement 
of analgesic regimens.34,68,70 The growing attention to the need 
for improved analgesia in neurosurgical patients has led to 
several recent trials to identify optimal analgesic regimens, but 
these efforts are still relatively few.6,8,47,52,58,67,72,76,95 Similarly, 
few controlled studies address optimal postoperative analgesic 
regimens in nonhuman primates undergoing neurosurgery. In 
addition, authors may not describe the anesthetic and analgesic 
regimens that were used in studies involving neurosurgery of 
nonhuman primates. However, veterinarians should consider 
that the moderate to severe pain expressed by human neuro-
surgical patients likely is similar in nonhuman primates, and 
analgesics should be provided accordingly.

Analgesic Agents
Preemptive, multimodal pain management is the current 

standard of practice in veterinary medicine36 and therefore is 
required by the Animal Welfare Act.4 The benefits of this ap-
proach to analgesia are numerous. Multimodal analgesia targets 
multiple points along the pain pathway optimizing analgesia 
through synergistic effects while also reducing the required 
doses of individual drugs.57 Preemptive analgesic use treats 
pain prior to its onset to modulate the pain response and prevent 
maladaptive pain.36,49 During surgical procedures, this ap-
proach may be anesthetic-sparing, so that animals have reduced 
requirements for maintenance of anesthesia.84 This decreased 
reliance on maintenance drugs can improve recovery time and 
minimize side effects from high doses of volatile anesthetics. 
These advantages can be particularly important during intrac-
ranial surgery, given that many anesthetic and analgesic agents 
have the potential to alter intracranial physiology. One group 
of researchers has noted that “the use of balanced anesthesia 
that utilizes combination of high doses of opioid analgesic, low 
inspired concentration of volatile anesthetic, and muscle relax-
ant provides physiologically stable anesthesia that is important 
for neurosurgical procedures.”84

The importance of appropriate analgesia is highlighted by 
the availability of a wide variety of analgesic drugs that dif-
fer in potency, method of administration, and duration and 
mechanism of action. Many drug classes useful for the induction 
and maintenance of anesthesia, such as dissociative anesthetics 
(namely, ketamine) and α2 agonists, also provide analgesia. A 
discussion of all these drugs is beyond the scope of this review. 
Researchers and veterinarians are encouraged to consider incor-
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used for craniotomies involving imaging studies and intracere-
bral injections as well as for placement of deep-brain stimulation 
electrodes and fudicial pegs in nonhuman primates.28,29,56 In 
addition, buprenorphine has been combined with NSAID for 
the implantation of head posts18 and microelectrode arrays.45

Excluding the potential for respiratory depression, potential 
adverse effects of opioids are generally not clinically significant 
and are easily controlled. Hypotension and bradycardia during 
anesthesia are dose-dependent and can be avoided at therapeu-
tic doses.84 Reduction in heart rate but not blood pressure has 
occurred secondary to buprenorphine dosing in dogs and rats, 
but no alterations in hemodynamics were observed in anesthe-
tized cats.15 In another study, the intravenous administration 
of clinical doses of buprenorphine was not associated with any 
adverse effects in dogs.3 Typical intraoperative supportive care 
including intravenous fluid administration is usually sufficient 
to prevent the occurrence of opioid-induced hypotension, when 
it does occur. Anticholinergics may be indicated to increase heart 
rate if bradycardia is significant, given that the buprenorphine-
reduced heart rate is due to increased vagal tone.80 Additional 
potential adverse effects of opioid use include sedation, vomit-
ing, constipation, and urinary retention.80 Long-term opioid use 
is associated with tolerance and dependence, but this potential 
is less with buprenorphine than with pure μ agonists.80

Considerable attention has been given to the potential res-
piratory depression associated with opioid drugs. Overall, 
opioid-associated respiratory depression has been documented 
infrequently in veterinary medicine and apparently occurs 
rarely in animals compared with humans.79 Respiratory depres-
sion associated with buprenorphine has been described but is 
generally not clinically significant in humans.46,73 In animals, 
buprenorphine alone can produce respiratory depression, but 
buprenorphine has the least respiratory depressant potential 
of all opioids and typically is not associated with respiratory 
depression at the low doses that produce analgesia.17,73,74 Due 
to its partial agonist–antagonist activity, buprenorphine actu-
ally has been shown to antagonize the respiratory effects of 
pure μ agonists in rhesus monkeys.62 This effect to reverse 
respiratory depression has also been used clinically in rhesus 
monkeys.25 Another study in rhesus monkeys demonstrated 
that administration of 10 mg/kg buprenorphine (that is, 1000 
times greater than the analgesic dose) suppressed respiration 
for more than 24 h, but none of the monkeys affected required 
respiratory support.51 No respiratory depression (as defined by 
increased pCO2) was observed in rhesus macaques administered 
oxymorphone, a pure μ agonist with a potential for respiratory 
depression greater than that of buprenorphine; however, the 
respiratory rate did decrease.50

cally, buprenorphine acts a pure μ agonist.73 Buprenorphine is 
as much as 40 times more potent than is morphine, with a rapid 
onset and long duration of action.16 Buprenorphine produces 
analgesia at low plasma concentrations with a relatively long 
duration, because of its high affinity for μ receptors and slow 
dissociation.79 This high affinity is responsible for the inability 
of opioid antagonists such as naloxone to reverse the effects of 
buprenorphine.

Opioids have been investigated extensively for the control 
of postcraniotomy pain in humans.70 These studies conclude 
that opioids are effective and safe in the management of 
these patients and that the choice of opioid affects the level 
of postoperative pain. The relatively weak opioid codeine is 
the predominant first-choice drug, but more potent μ agonists 
such as morphine and fentanyl have been used also.47 Patients 
in which codeine is used initially often require rescue anal-
gesia with more potent opioids.27 Although not described as 
an analgesic agent for human neurosurgery, buprenorphine 
has been used as the sole agent for perioperative pain after 
orthopedic and abdominal surgery in people, with adequate 
analgesia and minimal side effects.30 In children, buprenorphine 
provided equal postoperative analgesic activity to morphine 
after thoracotomy.66

Buprenorphine alone or in combination with NSAID has 
been used in veterinary species for various procedures. In dogs 
undergoing ovariohysterectomies, preemptive administration 
of buprenorphine provided lasting analgesia attributed to 
suppressing pain before it occurred and preventing wind-up 
pain.55 In cats, buprenorphine significantly decreased the need 
for inhalant anesthetics, although to a lesser degree than did 
other opioids.40 In olive baboons (Papio anubis), buprenorphine 
alone did not provide sufficient analgesia after laparotomy for 
all animals within the buprenorphine-only treatment group; 
however, a combination of buprenorphine and carprofen did 
provide adequate analgesia, thus highlighting the synergistic 
effects of a multimodal analgesic regimen.1

Many reports of nonhuman primate neuroscience experi-
ments do not include details regarding the analgesic regimens 
that were used or their relative safety or effectiveness. How-
ever, several authors have described the use of opioids alone 
or in combination with NSAID for neurosurgery of nonhuman 
primates. Intravenous fentanyl followed postoperatively by 
intramuscular oxymorphone has been used in rhesus macaques 
experiencing bilateral craniotomies.59 Another author reports 
the use of intravenous fentanyl that continued after neurosur-
gery in sedated animals.84 However, buprenorphine is the most 
frequently reported opioid in neuroscience procedures involv-
ing nonhuman primates.13,18,28,45 Buprenorphine alone has been 

Figure 1. A summary of suggested drugs, doses, and routes of administration for macaques.
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ment of potent nonnarcotic analgesics. In the tail-shock test 
in rhesus macaques, flunixin meglumine was comparable to 
morphine, leading to the incorporation of flunixin meglumine 
in a wide variety of laboratory animal analgesic protocols,11 
and the use of this agent during nonhuman primate neuro-
surgery has been described.93 However, flunixin is a more 
potent inhibitor of COX1 than COX2 in various species and 
therefore is more likely to have adverse effects than are newer 
NSAID.10 In contrast, carprofen was the first COX2-selective 
NSAID approved for use in veterinary medicine12 and is the 
only commonly used veterinary NSAID specifically approved 
for alleviation of postsurgical pain,83 although its selectivity is 
weaker than those of ketoprofen and meloxicam.10 Although 
not specifically labeled for the treatment of postoperative pain, 
both ketoprofen and meloxicam have been used successfully 
to manage pain in veterinary orthopedic surgery patients.20 In 
addition, ketoprofen and carprofen provide comparable post-
operative analgesia in dogs undergoing orthopedic surgery,32 
and meloxicam and carprofen provide similar analgesic activity 
after ovariohysterectomy.61 In macaques, both meloxicam and 
ketoprofen have been used to provide analgesia after orthopedic 
surgery60 and neurosurgery,88 although these agents often are 
used in combination with other classes of drugs (especially 
opioids).1,18,44,100

Because NSAID inhibit only the inflammatory mediators that 
are products of the cyclooxygenase pathway, a ceiling effect 
limits their analgesic potential.57 NSAID alone are insufficient to 
provide adequate analgesia after major surgery.96 By combining 
NSAID with drugs from other classes, most frequently opioids, 
reliable and effective analgesia with minimal side effects can 
be achieved. This combination is used frequently in labora-
tory animal medicine and should be considered the standard 
for surgical procedures that are expected to cause moderate 
to severe pain. However, at least one clinical trial in humans 
has found no benefit to adding an NSAID to local anesthetics 
combined with patient-controlled morphine after craniotomy.99 
Concern regarding an increased risk of bleeding with subse-
quent intracranial hematoma has limited the widespread use of 
NSAID in neurosurgical patients.96 One large study of human 
craniotomy patients reported that NSAID use may have been 
the cause of the 1.1% incidence of postoperative hematomas, 
in that all but one patient with hematomas received an NSAID 
during the 2 wk preceding surgery.78 NSAID vary in their ef-
fects on platelet function, with COX2-specific NSAID less likely 
to clinically alter hemostasis in the postoperative period. Most 
trials demonstrating the adverse effects of NSAID have focused 
on long-term treatment for chronic pain disorders. Little atten-
tion has been given to trials to determine the relative benefits 
and risks of short-term administration in the perioperative set-
ting. However, 7 d of treatment with flunixin, ketoprofen, and 
meloxicam increased bleeding time in dogs.64 In another study, 
ketoprofen had a more significant effect on hemostasis in dogs 
than did carprofen.32 However, NSAID vary among species in 
their potency and selectivity against COX1 and COX2.12 The 
effect of short-term, low-dose perioperative treatment with 
NSAID is unknown, but in view of the wide use of this class of 
analgesics, noteworthy adverse effects apparently are unlikely 
in normal, healthy nonhuman primates.

Adjunct treatments. Dexamethasone frequently is used for 
treatment or prevention of cerebral edema during neurosurgery.37 
The antiinflammatory properties of dexamethasone were re-
cently investigated for use in reducing perioperative pain in 
humans.31 Although the dexamethasone-associated modula-
tion of the immune response in reducing inflammation via 

The risk of significant respiratory depression is increased by 
the coadministration of sedative and anesthetic drugs, especially 
benzodiazepines.46,97 Because diazepam and midazolam are 
commonly used in the induction of anesthesia of nonhuman 
primates, laboratory animal veterinarians should be aware 
of the potential for this interaction. However, human cases of 
respiratory depression associated with the coadministration 
of opioids and benzodiazepines typically are associated with 
abuse of either or both of these drugs, resulting in overdosing, 
or with repeated dosing of the opioid.23,89 Similar to the typi-
cal practice in nonhuman primates, single doses of diazepam 
in human patients treated with buprenorphine had minimal 
effects on physiologic parameters including respiratory rate.63 
Although CO2 levels were increased in anesthetized patients 
that received multiple doses of buprenorphine in addition to 
a volatile anesthetic, respiratory depression was not clinically 
significant even when patients had been pretreated with a long-
acting benzodiazepine.53

In animals, combinations of buprenorphine and midazolam or 
diazepam have either not caused clinically significant respirato-
ry depression14,82 or have resulted in respiratory depression only 
when doses several orders of magnitude higher than clinically 
effective doses are used.33 The combination of fentanyl, a more 
potent opioid and respiratory depressant than buprenorphine, 
and midazolam had no significant respiratory depressant effect 
in rabbits.39 The combination of ketamine, midazolam, and 
buprenorphine has been used as a premedication in a rhesus 
macaque model of myocardial occlusion–reperfusion without 
impairment of cardiorespiratory parameters.85 The preanesthet-
ic regimen in the cited study85 included the anticholinergic drug 
atropine, which likely contributed to the observed cardiorespira-
tory stability. Clinically, at least one study has shown a relative 
absence of respiratory depression in nonhuman primates treated 
with buprenorphine.84 Veterinarians should be aware that 
naloxone is not effective at antagonizing the respiratory effects 
of buprenorphine and that doxapram should be used in the rare 
case when therapeutic intervention is required.35 In conclusion, 
respiratory depression associated with buprenorphine occurs 
only infrequently in veterinary patients and is rarely clinically 
significant even when therapeutic doses of both buprenorphine 
and a benzodiazepine are used simultaneously.

NSAID. NSAID prevent the formation of prostanoids, a sub-
group of prostaglandins that mediates inflammation, pain, and 
pyrexia, through the inhibition of cyclooxygenase, an enzyme 
required for the metabolism of arachidonic acid to prostaglan-
dins.86 Two isoforms of cyclooxygenase have been identified. 
COX1 is constitutively expressed in many tissues and has impor-
tant roles in the maintenance of normal gastrointestinal, renal, 
and cardiovascular function. Although COX2 is constitutively 
expressed to some degree, its expression increases markedly 
in response to inflammatory mediators, leading to increased 
production of proinflammatory prostaglandins.86 Side effects 
associated with NSAID are predominantly secondary to the 
inhibition of COX1. Loss of prostaglandins leads to a loss of 
vascular tone, cytoprotective mechanisms in the gastrointestinal 
mucosa, normal blood flow to the kidneys, and thromboxane 
formation by platelets. This alteration in normal physiologic 
function can result in gastrointestinal ulceration and hemor-
rhage, reduced glomerular filtration rate and kidney disease, 
and coagulopathies.

Several NSAID are commonly used in nonhuman primates in 
biomedical research, including flunixin meglumine, carprofen, 
ketoprofen, and meloxicam.25 Flunixin meglumine is the oldest 
of these drugs and represented a breakthrough in the develop-
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suppression of prostaglandin synthesis has been thoroughly 
described, the analgesic mechanism of glucocorticoids is not 
understood. Dexamethasone has been demonstrated to sup-
press bradykinin and the release of other neuropeptides from 
nerve endings and to have a direct inhibitory effect on C fibers 
in injured nerves.38 Clinical trials have found variable effects 
of single-dose dexamethasone on pain depending on the type 
of surgery.48 Because the effect seems to be strongest in dental 
patients, the major analgesic effect is presumed to be related 
to reduction of local swelling and edema.38 Caution should be 
exercised when dexamethasone is added to a preoperative regi-
men including minimally selective NSAIDs. One safety study in 
dogs demonstrated decreased gastrointestinal health in as little 
as 3 d when therapeutic doses of dexamethasone and meloxicam 
were coadministered.12 When using poorly specific NSAID 
such as flunixin meglumine, these adverse effects can reason-
ably be anticipated to occur earlier. The lack of demonstrated 
analgesic effect of dexamethasone in neurosurgery prevents 
the recommendation of its use as an analgesic, but single-dose 
dexamethasone may be effective in other applications, includ-
ing reduction of brain swelling, in nonhuman primates on 
neurosurgical protocols.21,65,93

Because craniotomies are associated with a high risk of subse-
quent seizures, prophylactic treatment with anticonvulsants is 
recommended in human patients.90 Anticonvulsants have been 
shown to reduce the risk of postoperative seizures in humans 
by 40% to 50%.90 Some researchers have reported anecdotally 
that they incorporate these drugs into their neurosurgery pro-
tocols in nonhuman primates. Because anticonvulsants reduce 
neuronal excitability, there is increasing interest in their use in 
the treatment of neuropathic pain.54 Phenytoin is a commonly 
used anticonvulsant in human and nonhuman primate medi-
cine that is not practical for seizure control in small animals.80 
Because phenytoin depresses nerve conduction, its analgesic 
activity has been investigated in people. Healthy volunteers 
reported a reduction in pain after a cold-pressor test with 
the use of phenytoin.98 However, another study found that 
phenytoin did not reduce postoperative pain or analgesic 
consumption;95 the authors also investigated the analgesic activ-
ity of gabapentin, an analog of the inhibitor neurotransmitter 
GABA, in surgical patients. Although gabapentin originally 
was developed as an anticonvulsive agent, its use in the treat-
ment of chronic pain recently has expanded in both human 
and veterinary medicine.80,95 In healthy human volunteers, 
gabapentin augmented the analgesic activity of morphine,22 and 
in surgical patients, gabapentin has been shown to reduce both 
postoperative pain and morphine consumption.94,95 Although 
promising as adjunct agents, more evidence is needed for a 
recommendation to standardize the use of anticonvulsants in 
analgesic regimens for neurosurgical patients.

Conclusion
The concept of appropriate analgesia has evolved over the last 

several decades. Preemptive, multimodal analgesic therapy for 
procedures that are expected to cause pain is the standard of care 
in veterinary medicine and is required for laboratory animals. 
Combinations of local anesthetics, opioids, and NSAID provide 
adequate analgesia without significant adverse effects. Adjunct 
treatments such as glucocorticoids and anticonvulsants provide 
considerable benefits to human neurosurgical patients and may 
supplement analgesic regimens in animals. Researchers and 
veterinarians should work together to provide appropriate 
analgesia to nonhuman primates that undergo neurosurgery 
that is consistent with currently accepted standards.
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